What do we mean when we speak of understanding our environment? Hempel (1963) suggests that we under stand an event or a regularity if we can give a scientific ex planation of it. If we accept this notion it isobvious that "understanding our environment" is one of the common ly accepted goals of all science, and that when we speak of "the watershed approach," we are considering a limited portion of the environment.
In common usage, the term environmental problems includes air pollution, water pollution, soil erosion, and destruction of scenic beauty, and therefore refers to cer tainparts of our surroundings that are strongly influenced by man. Environmental problems involve economic ex ternalities-situations where the provision of goods or services for an individual or group affects the welfare of others.
We have long recognized that erosion of agricultural soils has substantial effects on people downstream. This problem has been studied for a long time, no doubt be cause soil erosion adversely affects farmers as well. As society has become more aware of the quality of surface and ground water and of adverse effects of certain sub stances on the health of man and other organisms and on esthetic values, questions have been raised about the ef fect of fertilizers and pesticides on downstream water quality. Because nutrients or pesticides may be trans- ported by running water or may be adsorbed by sediment transported by runoff, these questions can best be answered through the use of hydrologic models. The watershed is an appropriate area! element to consider for hydrologic models because all uncontrolled surface water flux out of the system is zero except at the stream drain ing it.
The purpose of this paper is to briefly review current approaches used in modeling the particular part of human environment known as the agricultural watershed and to raise some questions regarding the objectives, the ap proaches, and the interpretation of agricultural water quality models.
THE USE OF MODELS IN SCIENCE
Many discussions of modeling in general and hydrologic modeling in particular have appeared in the literature in the last decade. However, I feel that the rationale for model building expressed by Rosenblueth and Wiener (1945, p. 316 ) is superior to more recent statements No substantial part of the universe is so simple that it can be grasped and controlled without abstraction. Abstraction consists in replacing the part of the uni verse under consideration by a model of similar but simpler structure. Models, formal or intellectual on the one hand, or material on the other, are thus a central necessity of scientific procedure.
A formal model is a symbolic, usually mathematical, representation of an idealized situation which has the im portant structural properties of the real system. A materi al model is a physical representation of a complex system by a model system that is assumed to be simpler and is also assumed to have some properties similar to those of the prototype system. One can kick a material model; a formal model, being an abstract entity, cannot be kicked. to be explained. Then if E can be inferred from a set Lu L2 . . . Ln of general laws or theoretical principles and a set Cu C2 . . . Cm of statements of empirical circum-stances, we say that the phenomenon has been explained. Explanation can be either deductive-nomological or in ductive-probabilistic (Hempel, 1963) .
A deductivenomological explanation is based on deterministic laws, whereas an inductive-probabilistic explanation involves at and is designated as %(x,y,t). This flux can best be de scribed as a stochastic process.. The saturated and un saturated flow of water in a direction normal to the sur face 5 is designated r\(x,y,z,t). Surface streamflow from the system is more concentrated than the other fluxes so it will be considered as the point process $x(t) and the mass rate of sediment transport will be designated f 2(t). Imported water, always a possibility, will be represented as the process oi(t). The volumetric moisture content within the soil or porous rock is d(x,y,z,t). In some cir cumstances it may be necessary to include the tempera ture within the system as a fundamental dependent vari able.
We assume that one of the fundamental laws governing this system is the conservation of mass; there fore, we can integrate the fluxes over the appropriate domains and equate the net flux to the time rate of change of integrated storage to obtain the continuity equation. Finally, consider some substance i distributed over a subarea a{ at a rate of Ty per unit area. The total mass of this substance contained in a unit spatial volume is v{(x,y,z,t). If this material can be adsorbed by soil par ticles or ingested by living organisms, the total quantity per unit volume must be subdivided into appropriate parts. Chemical reactions must also be accounted for.
The mass rate of transport of substance i in the stream is
U(t) = pci(t) U(t) + 4> [U(tJ\; • -3,4 ... [ i ]
where p is the density of water, c{(t) is the concentration of substance i in streamflow and^[fjftj] represents the amount of material carried by sediment. Figure 1 and the subsequent definitions suggest that water transport can be described by considering the porous medium as a con tinuum and utilizing the partial differential equations representing three-dimensional saturated-unsaturated flow coupled with equations of unsteady free-surface flow. Freeze (1972a Freeze ( , 1972b All of the models cited deal with the physics of fluid motion and chemical dispersion and read ion, but all either ignore or treat indirectly the effects of living or ganisms. The amount of water transpired by plants is usually the largest output of the watershed system and obviously must be included in a comprehensive transport model. Furthermore, plants and animals have important influences on the transport of chemicals within the water shed system and must be included in models of the sys tem. Models presently used for estimating evapotranspiration consist of a continuity relationship, a method of computing potential evapotranspiration,£0,and a method of computing actual evapotranspiration as a function of E0, soil moisture content, and stage of vegetative growth.
If we consider the fact that the computer program for the subsurface portion of Freeze's (1972a) 
It is evident that if we wish to develop a mathematical model to describe transport of water, sediment, and chem icals within and out of an agricultural watershed, we must simplify our approach. To use H. T. Odum's (1971) pic turesque terminology, we must look at the system through a macroscope-z. device that eliminates detail but retains the essential structure. But how do we design such a macroscope? What is the essential structure? Do we com mit some sort of scientific sin if we deviate from the "rigorous" methods?
OBJECTIVES OF WATERSHED MODELS
At this point we must consider the purpose of our modeling activity. Our purpose is not to develop ever more complex models of the watershed system. Rather, our models (which may be interpreted to include predic tions made by them) represent our descriptions of how water, sediment, and chemicals move on watersheds under existing or proposed circumstances. Individuals or groups then evaluate possible courses of action whose conse quences are described by our models and decide upon the "best" option. Evaluation is possible only after someone has described the process. If the description is in error, the evaluation is sure to be wrong. However, scientific expertise does not enable one to make any "ought to" or "should" statements. This doesn't mean that scientists shouldn't take part in public decisionmaking; it merely means that they are not uniquely qualified to do so. Scientists are certainly uniquely qualified to evaluate the models themselves.
If models are too complicated, they may provide much more information than is necessary for a decision. De cision models include components derived from the social science of economics and usually involve problems of op timization. The objective function (which is to be maxi mized by an appropriate choice of design variables) is stated in economic terms and usually requires condensed information about the outputs from a system. Consider two sample functions of an output process that might be obtained by simulation from a watershed If the decision-makers ask, "If substance i is spread on a particular field within the watershed, will some of it get to the stream?", the modeler may be able to answer "Yes" without any further calculations. However, he might also use model results to point out that the question may be trivial. Almost anything we do on the watershed will af fect streamflow quantity or quality. The pertinent ques tion is "How much?"
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MODEL SIMPLIFICATION
Models consisting of sets of partial differential equa tions can be simplified by reducing their dimensionality, i.e., by treating the streamflow as a problem in one-space dimension, or by ignoring terms that are relatively unim portant. Examples include linearizing nonlinear equations (Dooge and Harley, 1967) , using the kinematic approxi mation for overland flow (Woolhiser and Liggett, 1967) , or neglecting molecular diffusion and hydrodynamic dis persion in transport of chemicals through porous media (Nelson and Eliason, 1966) .
Another simplification can be made by recognizing the tremendous difference in response time between surface water systems and flow through porous media. In many cases this means that ground-water flow can be treated as a steady-state problem, or as a series of steady-state prob lems.
Perhaps the greatest simplification is to eliminate spatial variability by using "lumped" or compartment models. The Stanford Model (Crawford and Linsley, 1962 ) is an excellent example of this approach in hydrology. The partial differential equations of the "distributed" systems are replaced by ordinary differential equations and the mathematical difficulty as well as the computer storage requirements and computation time are greatly reduced.
Lumped models can be considered as abstractions of the distributed model that hopefully retain some important characteristics. As a further abstraction, we might repre sent the watershed as a "general system" where the out put (runoff, sediment transport, chemical transport) is as sumed to be related to the input (precipitation and inputs of chemicals), but where no explicit assumptions have been made regarding the internal structure of the system. Nonlinear systems theory was first applied in hydrology by Amorocho and Orlob (1961) , and several other hydrologists have worked on this problem in recent years [Amorocho (1963) , (1967); Jacoby (1966); Bidwell (1971); Amorocho and Brandstetter (1971) ]. In the general systems approach (linear or nonlinear), the system parameters are estimated by minimizing some function of the observed and computed output sequences, given the input sequence. Obviously this approach cannot be used if we propose to change the system in some way. The physical significance of the parameters in lumped system models also tends to be obscure; therefore, unless reliable correlations have been found between parameters and measurable entities in the real world system, it may be misleading to use this type of model for predicting the ef fects of changes in the system.
In this discussion I have used the words distributed, lumped, and general system as if any model can be easily placed in one of these categories. It is more accurate to consider these classifications as successively higher order abstractions of the real system. Although the equations we start with are continuous, we usually resort to discrete methods to solve them. Therefore, the distributed models involve lumped parameters. The lumped models and general system models are much more general than a finite-difference model of overland flow, for example.
This generality is obtained at a cost of a less detailed de scription of the system.
MATERIAL MODELS
So far I have considered the application of symbolic (mathematical models) to environmental problems of agri cultural watersheds. Do material models have any ap plication?
Material models may be subdivided into iconic or "look alike;" models, and analog models. The validity of an analog model depends on the existence of identical mathematical relationships describing both the real system and its analog, and so depends on symbolic models. Iconic models are simplified versions of real-world systems that are more convenient to work with. Laboratory set ups can be considered as iconic models, and have played an important role in modeling the transport of environ mental pollutants by water.
To be useful, material models must be easier to work with than the real system and must provide some informa tion that is not already incorporated in mathematical models. One of the fundamental problems involved in modeling agricultural watersheds is the question of inter pretation of parameters in lumped system models. It ap pears to me that large material models with simple geom etry as compared to real watersheds but involving threedimensional flow in a porous medium as well as surface runoff, could give us a great deal of insight into the prob lem of interpretation. Nonhomogeneities or spatial vari ability could also be included in these models. Successive ly simpler mathematical models describing this system could be formulated. These models would first include spatial variability and then would be modified so that such variability would be averaged in some sense. If model parameters were shown to be ambiguous for a simple system, one might suspect that they would not be reliable in more complex systems.
DISCUSSION
Environmental problems invariably involve economic externalities-situations where the provision of goods for one group of individuals affects the welfare of another group. In evaluating the external costs or benefits of some agricultural practice, we must ask the questions:
What? How much? When? and Where?3 To answer these questions we must utilize a mathematical model of the watershed if water is an important transporting medium.
Rather complex models may be required to understand the important processes involved. Models used in de cision-making will include components derived from the social sciences as well as the physical, chemical, and bio logical sciences. Therefore, they will include only the most important of the subprocesses involved or they will become unduly cumbersome. We must be very careful when a model that was developed for one purpose is used in another application. For example, a watershedmodel developed for predicting water quantity may perform very well for that purpose but may be misleading if used as the basis for a chemical transport model. In the first application, the water flow path may be the subject of heated arguments (i.e., interflow vs. surface runoff) but doesn't really affect predictive capability; in the second application, the flow path is of crucial importance.
As modeling efforts proceed, we must continually question our procedures if we are to make real progress. Can we say in any objective way that model B is better than model A? Has our simplification of the model struc ture resulted in a complicated curve-fitting device with little structural relationship to the real world system? Can material models be useful in interpreting the parameters of mathematical models? The answers to these questions are not obvious. Hopefully, research will answer some of them or will raise other, more important questions.
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